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PmM)WCE EVALTATION OF A PASSIVE MICROWAVE IMAGING SYSTEM 
By W i l l i a m  E. McAllum 
Lyndcn B. Johnson Space Center 
SUMMARY 
The Passive Microwave Imaging System i s  a new remote sensing instru-  
ment i n  the  microwave (10.69 gigahertz) region fo r  application t o  Earth 
observations. A t e s t  program was conducted t o  evaluate the o p e r a t i ~ n a l  
performance of the  system for potential. application t o  Earth resources 
measurements. The image quali ty w& und t o  be poor when compared with 
photographa and infrared images of th  same f l i g h t  l ines ;  however, the 
quali ty is adequate fo r  remote sensing applications studies. Problems 
utth cross-polarization, antenna s ide  lobes, and geometric correction of 
the  scan were ident i f ied  i n  t h e  analysis.  These problems can be improved 
by modifications of t h e  programing i n  the  software. Evaluation of the  
images shars suff ic ient  response and resolution for  possible application 
t o  hydrology for  s o i l  moisture studies,  t o  sea s t a t e  monitoring ?or storm 
forecasting, and t o  sea i c e  mapping for  sc ien t i f i c  studies of i c e  dynamics. 
INTRODUCTION 
The test s i t e  fa* the  Passive Microwave Imaging System (PMIS) was the  
area surrounding the  Lyndon B. Johnson Space Center (JSC) and neighboring 
Clear Lake. The JSC-Clear Lake area w a s  selected because it contains 
several land-water interfaces ( for  h i  % contrast of brightness tempera- 
tures)  t o  t e s t  s p a t i a l  resolution and geometric f i d e l i t y  of the  PMIS 
images. The area is  a lso  near Ellington A i r  Force Base (EAFB) where the  
JSC remote sensing f l i g h t s  originate and can be used for l a t e r  "functional 
check f l ights"  of the  PMIS instrumentation. A s  part of the  Houston Area 
Test S i t e  (HATS), the  t e s t  s i t e  was readily accessible for  ground t ru th  
measurements. 
The target  w a s  flown May 18, 1972, on orthogonal f l i g h t  l ines  a t  
a l t i tudes  of 610, 1220, 2440, and 4880 meters (2000, 4000, 8000, and 
16 000 f e e t ) .  Weather conditions during the  4-hour f l igh t  was ground haze 
and very l i g h t ,  scat tered clouds a t  approximately 2440 meters (8000 f e e t )  
during t h e  4880-meter (16 000-foot) pass. 
The PMIS vas operated i n  the  NASA NP3A aircraf't and the  data were 
recorded on magnetic tape.  To provide image comparison and geometric 
measurements, the  RC-8 camera with SO 397 f i lm and the  8- t o  14-micrometer 
channel of the  RS-14 infrared (IR) scanner were operated simultaneously 
with the  PMIS. The M S  data were processed through the  PMIS/Dat& 
Analysis System (DAS), which produces f a l s e  color inages from the  bright- 
ness temperature a t  each beam position. 
As  an aid t o  the  reader, where necessary the  original  uni ts  of 
masure have been converted t o  t h e  equivalent value i n  the  Systsme Inter- 
national dlUnit&s (sI). The S I  uni ts  a re  wr i t ten  f i r s t ,  and the  or ig inal  
uni ts  a re  wri t ten parenthet ical ly thereafter .  
INSTRlMENTATION AID RF3dTED FACTORS 
The instrumentation and ground support equipment for  the  HIS a re  
described i n  d e t a i l  i n  reference 1; only a b r i e f  description of the  equip- 
ment is given here for  c l a r i ty .  The airborne portion of the  system con- 
sists of t h e  antenna, radiometers, and the  control/monitor console, which 
are  uounted i n  the  NASA NP3A a i r c r a f t .  
The -tenna is a phased array with ve r t i ca l  and horizontal  polar- 
izat ion channels and i s  electronical ly stepped for  scanning. The antenna 
scans conically a t  50° incidence angle with the  ground and 33' t o  e i the r  
s ide of the  f l ightpath.  A t o t a l  of 44 beam positions are recorded on each 
conical scan. A separate radiometer is  used fo r  the  ve r t i ca l  and hori- 
zontal channels . The two radiometers simultaneously measure the  bright  - 
ness temperature i n  both polarizat ions a t  each beam position. Two hot 
loads a re  used for  ca l ibra t ion  a t  the  completion of each scan. An onboard 
monitor displays a te levis ion  (TV) image of a radiometer output i n  
16 shades of gray. The black and white TV image is  recorded on 
35-millimeter fi3.m. The radiometer data and pert inent  a i r c r a f t  data 
(posi t ion,  a l t i tude ,  heading, r o l l ,  p i tch)  are recorded on magnetic tape 
for  l a t e r  processing by the  ground s ta t ion .  
r 
The JSC-Clear Lake t e s t  s i t e  and f l i g h t  l ines  are shown ir, figure 1. 
The orthogonal f l i g h t  l ines  determine i f  th,? view angle o r  other factors  
a f fec t  t h e  ve r t i ca l ly  and horizontal ly polarized images. The l i nes  were 
flown a t  a l t i tudes  of 610, 1220, 2440, and 4880 meters (2000, 4000, 
8000, and 16 000 fee t ) .  The increasing a l t i tude  over the  same t a rge t  
determines geometric f i d e l i t y ,  s p a t i a l  resolut ion,  and optimum a l t i t u d e  
t o  f l y  various types of ta rgets .  
The RC-8 metric mapping cameras were used t o  record photographic 
images of the  f l i g h t  l ines  a t  a l t i tudes  of 4880 and 1220 meters (16 000 
and 4000 f e e t )  fo r  evaluation of PMIS images fo r  geometric f i d e l i t y .  
The photographs taken a t  4880 meters (16 000 f e e t )  have approximately the  
same scale as t h e  PMIS images a t  610 meters (2000 f e e t ) .  Operating 
simultaneously with the  PMIS, the  RS-14 infrared imaging scanner was used 
t o  record I R  (8 t o  1 4  micrometer) images in  black and white of the  f l i g h t  
l ines .  The thermal I R  images were used fo r  comparison wsth t h e  PMIS 
images and for  in terpre ta t ion  of the  microwave data. 
Weather conditions i n  t h e  t e s t  a rea  during data collect ion (very 
t h i n  sca t tered  clouds a t  2440 meters (8000 f e e t )  and ground haze) s l i & t l y  
degraded the  photographs but no degradation i s  evident on the  I R  and 
micruwave images. Significant degradation is  not expected u n t i l  the water 
content of  the  clouds becomes high f o r  t h e  r e l a t ive ly  long wavelength 
(2.8 centimeters) of  t h e  PMIS. 
A ground microwave radiometer was not available t o  measure the  
emissivity i n  t h e  microwave region of t h e  t a rge t s  as part of the  ground 
t r u t h  measurements. The brightness temperature comparisons used i n  t h i s  
evaluation are  based on previous measurements contained i n  references 2 
through 5. 
GROUND DATA STATION 
The Microwave/Multispectral Ground Data Stat ion was manufactured as 
PMIS ground support equipment f o r  producing images of the  microwave 
temperature measurements. The s t a t ion  consists  of an analog tape 
recorder/reproducer; a special  computer in ter face  t o  read i n  pulse-code- 
mdulat ion (PCM) , PMi3, and analog data analysis system (ADAS) data; an 
SEL 810 computer; three nine-track drives; and teletype fo r  da ta  
input and processing. The data  display is  by color cathode ray tube 
( ~ m )  , a high-resolution color-film recorder, or  a l i n e  p r in te r  t h a t  
p r in t s  the  brightness temperature a t  each beam position. For operator 
communication with the  computer, an alghanumeric keyboard with CRT 
5ispley is used t o  change color scales,  l i m i t s ,  displays, e t  cetera.  
A computer program (EXPACT) is  available t o  review the  data d i rec t ly  
from t h e  analog tape; however, it is slow, and the  PCM data are f i r :  t 
converted t o  nine-track d i g i t a l  tape for  more rapid data processing i n  
tke  computer. The data are  then ready fo r  computer manipulation t o  obtain 
the  best  images o r  t o  enhance ce r t a in  features such as water, land, vege- 
t a t i o n ,  e t  cetera.  The color displays are capable of producing fa l se  
color images of t h e  brightness temperatures i n  64 colors. Existing color 
tables  are available i n  the  EVAL computer program, or  the  invest igator  
can devise special  color t ab les  . Special color tables  were constructed 
f o r  displaying t h e  JSC-Clear Lake area f l i g h t  l ines .  
DATA ANALYSIS 
The da t a  were reviewed on t h e  day of t h e  f l i g h t  t~ Zetermine whether 
o r  not good da ta  were obtained. This procedure uses t h e  f l i g h t  analog 
tape,  which is processed very slowly on t h e  DAS. The PHIS and ADAS da ta  
were then t ransfer red  t o  nine-trmk d i g i t a l  tape t o  increase t h e  e f f i -  
ciency of run time on t h e  DAS, because t h e  processing and rewind time a re  
much f a s t e r  than t h a t  f o r  t h e  analog t ape .  The da t a  were reviewed using 
various color t ab l e s  t o  achieve ima$es with nonambiguous colors .  No 
colors  a r e  repeated i n  t h e  t a b l e ,  and an attempt w a s  made t n  make water 
b lue  and grass  green t o  f a c i l i t a t e  i n t e rp re t a t ion .  The f l i g h t  l i n e s  were 
then  reviewed using t h e  spec i a l  co lor  t a b l e  t o  determine t h e  temperature 
limits t h a t  would bes t  display t h e  da ta .  The technique t h a t  proved most 
e f f ec t ive  was t o  use t h r e e  s?ts o f  limits on most f l i g h t  l i n e s  t o  achieve 
t h e  b e s t  spatial resolut ion i n  t h e  images. One s e t  of limits was used 
f o r  v e r t i c a l ,  horizontal ,  and d i f fe rence  imager t o  display t h e  wide range 
of br ightness  temperatures ( land and water) measured on one f l i g h t  l i n e .  
To gain b e t t e r  reso lu t ion  and enhance land f ea tu re s ,  a second s e t  of 
limits was required t h a t  displayed water a s  black and destroyed the  d e t a i l  
i n  t h e  water. The t h i r d  s e t  was f o r  low brightness  temperatures t o  get  
d e t a i l  i n  t h e  water, but  all land d e t a i l  o r  high temperatures were l o s t .  
On all f l i g h t  l i n e s  containing a wide range of br ightness  temperatures, 
t h ree  s e t s  of images were required t o  obtain maximum image resolut ion.  
The 64 ava i lab le  colors  were not  used f o r  t h i s  analysis  because t h e  
average eye cannot d i s t inguish  r '1 t h e  color  shades. The color t ab l e  i s  
s e t  up f o r  50 colors with t h e  c l u s t e r  of br ightness  temperatures f o r  
water and land using 1/64 increments and t h e  temperatures i n  between 
using 1/32 increments of t he  64 ava i lab le .  This allows more resolut ion 
where required without t h e  use  of ambiguous co lo r  shades. The CRT 
difference image uses 16 shades of  green plus r ed  a r ~ d  black f o r  a t o t a l  
of 18 colors .  The red  was s e t  s o  t h a t  when t h e  hor izonta l  channel 
temperature was grea te r  than t h e  v e r t i c a l  channel tempzrature, a red 
color  would appear on t h e  difference image. For most 3 , l e c t s ,  t he  br ight -  
ness temperature of t h e  v e r t i c a l  channel i s  g rea t e r  than t k a t  of t h e  
horizontal  channel. However, t h e  color  recorder malfunctiont.9 and dis- 
pleyed some greens as blue,  and t h e  film images a r e  unsat isfactory although 
t h e  CRT display was correct .  Any color  t a b l e  can be devised t o  i n t e r p r e t  
a given s e t  o f  da t a  o r  t o  s u i t  t h e  preferences of t h e  inves t iga tor .  
The the- I R  imege of t he  t a r g e t  a r ea  ehown i n  f i gu re  2 was ob- 
ta ined  with the  RS-14 ecenner a t  a 4880)neter (16 000-foot) a l t i t ude .  
Color photographs were a l s o  obtained with the  RC-8 camera, b ~ t  t h e  
22.86- by 22.86-centimeter (9- by 9-inch) film format i e  too  l a rge  for 
this report. Pigurea 3(a), 3(b) ,  and 3(c)  &ow PMIS image8 obtained 
eimultancously with t h e  image i n  f i gu re  2. Figure 3(d) shows the  P!aS 
images obtained on f l i g h t  l i n e s  6,  8 ,  and 9. Clear Lake, iitilvei.ton L y ,  
and t h e  upper port ion of Clear Creek are  f ~ i r l y  obvious i n  tho  in~ages, 
but other  fea tures  a re  not e a s i l y  i den t i f i ed  fron! t he  4880-mete?s 
(16 000-foot) a l t i t ude .  The scan angle of t h e  PMIS is  50' o r  1 . 2  t 'mes 
t h e  a l t i t u d e  forward of t h e  a i r c r a f t ,  which must be considered when opera- 
t i n g  the  instrument. The forward scan angle caused t h e  f l i g h t  l i n e  
i r r e g u l a r i t i e s  i n  f igures  3 ( a )  and 3(b) .  
A pi-o'olem with uniform brightness  temperature across t h e  scan is 
obvious i n  t h e  Galveston Bay images ( f i g s .  3 (a )  and 3 ( b ) ) .  The measured 
br ightness  temperature is  not constant across t h e  scan of t h e  antenna 
f o r  e i t h e r  channel although t h e  water is e s s e n t i a l l y  a uniform ta:get. 
The horizontal  ?hannel measured the  water 20 K colder i n  t h e  center  of 
the  scan than c. t h e  edge, and t h e  v e r t i c a l  channel measured the  water 
6 K colder a t  t h e  edge of the  scan than i n  t h e  center .  This caused 
nonuniform coloring of t h e  water images across t h e  f l i g h t  l i n e .  This 
problem is not evident on the  land images because of nonuniformity of 
t h e  t a r g e t .  Figures 4 and 5 a r e  p l o t s  of t h e  computer pr in tout  of t h e  
br ightness  temperature of t h e  water In Salveston Bay i n  t h e  horizontal  
and v e r t i c a l  channels of t h e  M S .  The points  a r e  t h e  average of 25 data  
poin ts  at each beam pos i t ion ,  and t h e  bars  represent t h e  range of tempera- 
t u r e  measured a t  each beam posi t ion.  
The accuracy can be improved by scanning a t a r g e t  of known constant 
br ightness  temperature (such w t h e  G u l f  of ~ e x i c o )  under c l ea r  sk ies  
and calm water conditions and by adjust ing t h e  comp~tcr  program l o s s  
correct ions t o  obtain a constant temperat-are a t  t he  o l~ tpu t .  The current 
computer correct ions a r e  pr imari ly  based on ld~oratory-measured losses  
i n  tLe antenna, radome, and wave guides, whereas t he  proposed method 
would include dl losses  and cross-polar izat ion enccmtered when the  
instrument i s  mounted and operatin& i n  the  a i r c r a f t .  The cmputer  program 
aescr ibea i n  reference 6 can a l s o  be used .. ca l cu la t e  the  theo re t i ca l  
br ightness  temperature of t he  water a t  t he  time of t h e  f l i g h t .  
Anterna side-lobe problems are  a l so  evident !n t h e  images when a 
t a r g e t  i n  t h e  s ide  lobes is much warmer o r  colder than i n  t h e  cenier  of 
t h e  antenna pat5ern. Figure 6 demonstrates t h e  inage degradation caused 
by R cold water t a r g e t  o r  a warm land t a r g e t  i n  t he  antenna s ide  lobes. 
Tha water is Clear Lake and Galveston Bay, but  t h e  contr ibut ion from the  
aide lobes increases t he  apparent br ightness  temperature of t he  water and 
produces s t reaks  i n  t h e  image. The water of GaLveston Bay a lso  causes 
t h e  shore t o  appear colder  when it i s  i n  t h e  s i d e  lobes. Antenna 
side-lobe contributione a r e  not e a s i l y  eliminated and should be considered 
when s e t t i n g  up f l i g h t  l i n e s  and in t e rp re t ing  t h e  PMIS data.  
Some c n ~ ~ ~ . r - p o l s ~ i z h t i o n  o c c w  at t h e  antenna, bu t  it i s  l o t  e a s i l y  
i den t i f i ed  i n  -he im-err. Sane r i d e  lobe and cross-polarization can be 
corrected i n  i..'F~? software program, b e  addi t iona l  t e s t i n g  of t he  instrument 
with known t r rge te  is necessary t o  obtain the pzoper c jt :e?tlon f e . . - t ~  rs 
end define the  data-processing tcchniayen . 
Another problem with the imegf;r tha t  t r , ~ i  be c:.:r~-e.. I:- -1 !, ;LC? 
programing i s  the geometric difttol t ion  02 t;:?e .!;.tigt:. ";?e 'A.: ' E . s . ~ . :  5 :T 
antenna groundtrack t ha t  i s  50° Cncidence a~ip;? %,I ;.%. tc? :I'Y;!~*. . * ~ C ? L ,  
of the f l i gh t  l i n e  and converts each bean I-', t - ~ 1 ,  :: : !u. i : k g g e  <:.I ilr 4 A s 
directly beneath the a i rc ra f t .  The images, kAc , ; e - , ' ? ~ - ,  re!&!*: :.>s a'': cf 
the ecan tha t  gecnnetrically d i s to r t s  the tasgr'.? . i'ho 6.r :,met r.i z si!::r.- 
t ion i e  par t icular ly  evident on strssms , rf vem , a d  ahmsl.r.r:es. I':? 
image w i l l  d ie tor t  s l igh t  bends o r  arcs in to  sti-aigt.:': lines w1.i r:'.:sieht 
l ines  in to  arcs, which could be a problcs i f  geonetric fidelj.t;y .: :q ins .'r- 
tant  t o  the investigator. A reexamination of the g e m e l r i c t r l  :. :r?.'ri-,.n.; 
tha t  are included i n  the software program might eliminate fhe icwc 
d i s t $ ~ ~ t i o n  caused by the scan arc. 
Figures 7 and 8 demonstrate some of the geometric distort ion of the 
scan a t  the 1220-meter (4000-feet) a l t i tude.  The IF. image i n  figure 7 
is included for comparison. The water and wet areas around Clear Creek 
have low emissivity a d  are colder i n  the microwave than the surrounding 
land and appear blue and yellow i n  the image. The metal atorage tanks 
and water inside the f i r e  control embankments of the Web~ter t m k  farm 
also have lower microwave emissivity than the surrounding l a n d  appear 
cold i n  the microwave image. The roofs of buildings appear 1 1 ~  
warm i n  the I R  images and warm i n  the ve r t i ca l  golarization 3i ; Lppear 
cold i n  the horizontal polarization of the PMIS images. Metallic roofs 
eoaetimes show the reverse in  the polarized images. 
Figure 9 shows images of the Webeter tank farm from +,he 610-meter 
(2000-foot) a l t i tude.  The footprint of the beam positions i s  smaller i n  
area a t  the lower a l t i tude,  and the i n av idua i  metallic tanks are begin- 
ning t o  be resolved. The distort ion of Clew Creek by the scan arc i s  
evident i n  these images. 
Figure 10 i s  an I R  image and a PMIS image 3f the Lyndon B. Jobson 
Bpace Center, the west end of Clear Lake, and part of Nassau Baa from an 
al t i tude of 610 mstere (2000 fee t ) .  Much be t t e r  resolution 09 the water 
i s  evident because of the high contrast in  land and water emizaivity, and 
the beam footprint covers a re la t ively  s m a l l  area (68.6 by 33.5 meters 
(225 by 110 f e e t ) ) .  The difference in  the ver t ica l  and horizontal polari- 
zation on the building roofs i s  also demonstrated. Figure 11 shows tha t  
t h e  PMfg wlU produce geamtricalJy correct images of targets  x f t h  high- 
contrast brightnerrs ,chmpersturee from a low a l t i t ude  ( target  size la rge  
campared t o  r i ze  of PMIS footprint ) . 
Red Fish Island i n  Galveston Bey w a s  imwed at  a l t i tudes  of 4880, 
2440, and 610 metere (16 009, 8000, and 2200 fee t ) .  The 1220-meter 
(4000-foot) a l t i tude psse miesed the  island,  and no image was obtaiwd. 
The island waa integrated in to  the bakkgrcund water at 4883 meters 
(16 rxj0 f e e t )  ( f igs .  3(a) and 3 ( b ) ) ,  The is land i s  just resolved i n  the 
Yklr~-meter (8000-feet) inage and is  f a i r l y  weil defined i n  the  imab: from 
t' . i c ,  . ', :qetcrs (2000 f e e t )  ( f ig .  12) .  The is land i s  approximately 1524 meters 
(5000 ?pet) long and 183 mete- 1 (600 f e e t )  vide a t  the widest point. The 
geone:.x?: of  the is land i s  not accurately reproduced because the beam 
!'cs:.pr.ir~t i s  too large, even a t  610 meters (2000 f e e t ) ,  for  accurate 
gexrietric reproduction. 
":he t e a t  s i t e  was flown on north/south and eastlwest f l i g h t  l ines  t o  
d e - e r x ~ r e  ;f any -9ewing -gle ef fec ts  were present. No depression angle 
~ l i k c t ~  are e c i d e ~ t  i n  the images; however, there are mtenna side-lobe 
prob.:e-s that, can be tninimized by prcper selection of f l igh t  l ines  and 
f l i g k t  d i r e - t i o n .  
The computer :,rogra.m for  the PMIS/DAS has cursor and zoom capabil i ty 
t o  se lec t  a givexi area in  an image and magnify it for  more detai led ex- 
amination. The zoom only increases the s ize  of the individual i r ~ r e m e n t s  
or the beatn poeition area; t h i s  increase i n  size does not increase reso- 
lut ion end makes interpretat ion more d i f f i cu l t  i n  most cases. 
CONCLUSIONS AND HECOWNDATIONS 
The f l i a t  conducted. for  t h i s  performance evaluation is  scff ic ient  
t.3 identify some problems, t o  indicate possible improvement i n  software 
performance, and t o  suggest potent ia l  application of the Passive Microwave 
Imaging System (PMIs) dsta. Additional f l i g h t s  are required t o  determine 
loss corrections, performance through cloud cover, end applications a s  an 
Eartll resources instrument. The images over Galveston Bay show tha t  non- 
unif 3rm brightness temperature8 are obtained ecroas %he sc;au. 'RE hori- 
zontal channel measures the center of the scan 20 K colder than a t  the 
edge. The ver t i ca l  channel meseures 6 K colder on the edge of the sc-JI 
than i n  the c e ~ t e r .  The average horizontal channel brightness temperature. 
of Galveston Bey r a s u r e d  by the PMIS is 58 K ,  whereas the p~iblished 
microwave temperature for  seawater i s  approximately 80 K fo r  horizontal 
polarization. The horizontal channel of t i i  PMIS probably measures lower 
than it should. The PMIS ver t i ca l  channel measured an average of 148 K 
i n  Wves ton  Bay, and the  published value f o r  seawater is approximately 
155 K ,  which i a  ~:hin experimental erroz. It is recomnended tha t  the 
PMIS be flown over Gpen ocean on a ct?lm, cloudless day for R uniform ta r -  
get  t o  determine the loss  corrections require' t o  obtain a uniform 
b*ightnese temperature a t  all beam positions for  the output of the PMIS 
Drita Anabysis Syetem. The PMS can be fI>wr~ over the  G u l f  of Moxico a t  
low a l t i tude  with the shel l  tower i n  the  f l i g h t  l i n e  for  surface paraneter 
measurements. (Contiguous scans are not required,) The f l i g h t  should be 
upwlnd, downwi~d, snd crosswind i n  both directions t o  ellmii~ace m y  wave 
ef'f'ectr. Theme data would then be used t o  modify the PMIS Data Analysis 
? 
System program for  new losa correction factors t o  achieve a constant 
brightness temperature a t  each bem position i n  a scan. 
The temperature accuracy on a PMIS imege is  s function of several 
parameters : accuracy of loss  corrections, antenna side lobes, cross- 
pola=ization, accuracy of rec t i f i ed  image, e t  cetc ra. The temperature 
accuracy i s  therefore strongly dependent on the target  and f l igh t  l ine.  
The ilasgcs accurmlated during t h i s  fli@t indicate tha t  the bes t  accuracy 
obtained i s  appro~dmstely 20 K. The accuracy would imprme t o  approxi- 
mately 3.5 K with the  proposed eof'tware corrections. 
Antenna s ide  lobes and cross-polarization also degrade the  inage 
but are not eas i ly  ident i f ied  o r  corrected. CareFui selection of f l igh t  
lines could overcome part  of the problem by eliminating objects from the 
side lobes that  are significantly different  i n  temperature fram the 
target ,  such as land Prom a water target  and water from a land target .  
ModiPicatian is  required i n  the software programing t o  correct fo r  an- 
tenna side-lobe and cross-polarization contributions ts the  appcent  
brightness temperature of a target .  
The scan arc  introduces dis tor t ion i n  the images and degrades the 
geometric f idel i ty .  The software corrections from a 50' ;ncidence angle 
w i t h  the ground t o  a rec t i f i ed  imege should be reexamined t o  determine if 
lqrcrpement i s  possible. The scan arc appears i n  a l l  images and degrade:; 
the geometric resolution. 
Test s i t e s  and f l i gh t  l ines  contsining mall objects of in te res t  and 
a wide range of emissivities must be flown at minimum a l t i tude  i f  geo- 
metric f i de l i t y  and spa t i a l  resolution m e  important. The PMIS beam 
position footprint s ize  m e t  be three t o  f ive times smaller than the ob- 
Jec t  of in teres t  i f  a good image is t o  be achieved. The minimum al t i tude 
with the W3A ai rcraf t  aud the  velocity/altitude r a t i o  of the  PMIS is 
548 t o  610 meters (1800 t o  2000 f ee t ) .  As the object s ize  increases o r  
the geometric f i de l i t y  requirement decreases, the a l t i tude can be 
increased. 
No Earth resources applications of the PKIS were proven by this 
performance evaluation f l igh t ,  but remote sensing of s o i l  moisture, sea 
e ta te ,  and sea i c e  appear promising. Additional application-oriented 
evaluation f l igh t s  are required fo r  quantitative information on specif ic 
application8 of the  P!4IS as  a remote sensor. 
-don B, Johnson Space Center 
National Aeronautics and Space Administration 
Houston, Texas, November 27, 1973 
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Figure 1.- me JSC-near Lake t e s t  s i t e  s h n r i ~  fl ight lines used for 
collection of the PMIS performance evaluation data. 

( a )  Vertictil channel image. Clear Lake is jn t h e  center  with 
Galveston Bay on the  r igh t .  Tenperature l i m i t s  a r e  150 (black)  
t o  300 K (white).  ( ~ o t e  t h e  br ightness  temperature anomaly 
i n  bay water. ) 
(b)  Horizontal channel. image. Clear Lake is  i n  t h e  center  with 
Galveston Bay on t h e  r igh t .  Temperature l i m i t s  a r e  70 t o  
300 K. (Note t h e  br ightness  temperature anomsly i n  bay water.)  
Fir--  3.- The PMIS imsges obtained from a 4880-meter (16 000-foot) 
a l t i t u d e  over t h e  JSC-Clear Lake t e s t  s i t e .  These images were 
obtained s i m t a n e o u s l y  with the  RS-14 scanner image i n  f i gu re  2. 
( c )  ~ i f f e r e n c e  image. Film processing has resulted in  blue coloring 
t h a t  should be green (not obvious i n  black and white p r i n t ) .  The 
image is composed of the  difference between t h e  ve r t i ca l  anh 
horizontal channel measurements. Temperature l imi t s  are 70 t o  
170 K. 
Figure 3.- Continued 
- -  I 
II 
t 
I ' .. 
i 
B 
t 1 
. 
i t 8
I 
Line 6 I 
Vertical limits (right): 
190 to 3 0 0  K 
Horizontal limits (center): 
I 1 5 0  to  290 K Difference limits (left): 
7 9  to 149 K 
I 
? 
i I 
1 Line 8 
I Vertical limits (left): 
2 5 0  to 2 9 0  K 
! I Horizontal limits (centw): a 2 3 5  to 285 K Difference limits (right): 
I 
1 .  
82 to 1 4 2  K 
1 
i 
: 
? 
! i 
* 
i i 
i , i Line 9 Vertical limits (right): 1 ! i 
I 
190 to 300 K 
i i Horizontal limits (center): k 1 5 0  to 2 9 0  K E I Difference limits (left): 79 to 1 4 9  K r 
r t 
i i I
i i 
I 1 
! i 
I 
(d)  F l igh t  l i n e s  6, 8, and 9 ( f i g  1 )  a s  imaged by t h e  PMIS. 
Clear Lake is  t h e  body of water i n  t he  bottom frame. 
I Figure 3.- Concluded. 
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( a )  Galveston Bay shore l ine  showing antenna side-lobe anomalies of 
t h e  land and water. The warmer water of t h e  canal  changes t h e  
br ightness  temperature i n  t h e  o u t l e t  fan  but  not over the l a r g e  
a rea  shown. 
Top: Horizontal 100 to 300 K Bottom: Vertical 165 to 300 K 
( b )  Water of Clear Lake showing inf luence of warmer land i n  t h e  
antenna s ide  lobes. 
Figure 6.- The antenna side-lobe e f f e c t  on PMIS images. 
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Figure 7.- Infrared ( I R )  and PI(IS images of Webster tank farm and 
Clear Creek from a 1220-meter (4000-foot) a l t i t u d e  (average s i z e  
of t h e  PMIS beam posi t ion foo tp r in t ,  137.2 by 68.6 meters (450 by 
225 f e e t ) ) .  
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Figure 8.- The PbDS images of JSC and Clear Lake with d i f f e r en t  
temperature l i m i t s  t o  enhance warm and cold fea tures  ( a l t i t u d e ,  
1220 meters (4000 f e e t ) ) .  
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F :~u re  9.- I n f r w e d  (IR) and PMIS images of Webster tank farm and 
Clear Creek from a 619-meter !:000-fcot) a l t i t u d e  (average s i z e  of 
Pms beam pos i t ion  foo tp r in t ,  68.6 by 33.5 meters (225 by 110 f e e t )  ) ,  
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Figure 10.- Infrared ( I R )  and PMIS images of Clear Lake and JSC from a 
610-meter (2000-f o t )  a l t i tude.  Temperfitwe l i m i t s  on PMIS images 
s e t  for  maximm overall defini t ion.  
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Figure 11.- Infrared ( I R )  and PMIS images of Clear Lake, demonstrating 
seometric f i d e l i t y  of PMIS on high cont ras t  t a r g e t s  ( r l t i t u d e ,  u -  -
613 meters (2C00 f e e t  ) ) . 
(b) m e  from a 610-meter (2000-foot) a l t i tude  (average size of A.IS 
besn position foo t l r in t  , 68 by 34 meters (225 by 110 fee t  1).  
Figure 12.- The PMIS inages of Red Fish Is! and. 
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